Protecting, Enhancing, and Restoring Our Environmen t

May 16, 2018

Ms. Cathy Stepp
Regional Administrator
EPA Region V

77 West Jackson Blvd.
Chicago, IL 60604

Mr. Jack Schinderle

Director, Waste Management and Radiological Protection Division
Michigan Department of Environmental Quality

525 West Allegan Street

Lansing, MI 48933

Subject: Proposed Permit Modification - Upgrades to MC VI-G Phase 2 LineDesign
Revision 1
Wayne Disposal, Inc.
Belleville, Wayne County, Michigan

Dear Ms. Stepp and Mr. Schinderle:

On behalf of Wayne Disposal, Inc. (WDI), CTl and Associdtas, (CTI) is submitting this Revision 1 to
the May 3, 2018 Permit Modification Letter Report for your reviawl approval. The May 3, 2018 letter
report details proposed upgrades to the design of theeM@sll VI-G Phase 2 (MC VI-G Phase 2) liner.
The purpose of this Revision 1 is to respond to comments WDidtasved from the Environmental
Protection Agency (EPA) and the Michigan Department of EnvironmentaltQuali

WDI and CTI received comments as follows: Comments from tB&E®I dated May 3, 2018, Comments
from the MDEQ dated May 9, 2018, and Comments from the EPA dated Ma@18. These comments
and responses are included herein as Attachment C, CorrespariRiegarding the WDI 2018 Permit
Modification, Revision 1. This revised Attachment C replacestiginal Attachment C included with the
May 3, 2018 Permit Modification Letter Report.

CTI and Associates, Inc. #8001 Cabot Drive, Ste. 2 50, Novi, M| 48377 ® 248.486.5100 Phone

www.cticompanies.com



May 16, 2018

Responses to the comments also resulted in changes toginelokttachments A and B included with the
May 3, 2018 Permit Modification Letter Report. Therefore, thigifen 1 also includes Attachment A,
Equivalency Information and References, Revision 1 and Attachi®er018 Permit Engineering
Drawings, Revision D (revising Sheets 22A and 22B). These teatsachments supersede the original
Attachments A and B included in the May 3, 2018 Permit Modification Letter Report

If you have any questions regarding the revisions to the May 3,20il8ittal, please feel free to contact

the undersigned at (248) 486-5100 or tsoong@-cticompanies.com.

Sincerely,
CTI and Associates, Inc.

S

Te-Yang Soong, Ph.D., P.E.
Principal Engineer

Cc: Kerry Durnen, US Ecology
Sylwia Scott, US Ecology
Pete Quackenbush, MDEQ
Lisa Graczyk, EPA

List of Attachments

Proposed Permit Modification Letter Report, May 3, 2018

Attachment A:  Equivalency Information and References, Revision 1, May 16, 2018

Attachment B: 2018 Permit Engineering Drawings (under a separate cover), Revision D

Attachment C: Correspondence Regarding the WDI 2018 Permit Modification, iskev 1,
May 16,2018

Attachment D: GCL Manufacturer Specifications, CQA Manual, and Installation Guideline
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Protecting, Enhancing, and Restoring Our Environmen t

May 3, 2018

Ms. Cathy Stepp
Regional Administrator
EPA Region V

77 West Jackson Blvd.
Chicago, IL 60604

Mr. Jack Schinderle

Director, Waste Management and Radiological Protection Division
Michigan Department of Environmental Quality

525 West Allegan Street

Lansing, MI 48933

Subject: Proposed Permit Modification - Upgrades to MC VI-G Phase 2 LineDesign
Wayne Disposal, Inc.
Belleville, Wayne County, Michigan

Dear Ms. Stepp and Mr. Schinderle:

On behalf of Wayne Disposal, Inc. (WDI), CTI and Associabes, (CTI) is submitting this Permit
Modification Letter Report for your review and approval of prodagegrades to the design of the Master
Cell VI-G Phase 2 (MC VI-G Phase 2) liner. The purpose of thégge is to incorporate the numerous
advantages of Geosynthetic Clay Liner (GCL).

The following sections of this letter report summarize tanalysis methodology, results, and
recommendations for the upgrades. Calculations and documents supiarfimgposed upgrades and the

revised permit engineering drawings are attached.

Introduction
This letter report presents the basis for the proposed tevisions for MC VI-G Phase 2 at WDI. The
proposed upgrades incorporate an alternative GCL-baseddesign providing the following benefits

compared to the currently approved compacted clay liner (CCLY lokesggn:

CTI and Associates, Inc. #8001 Cabot Drive, Ste. 2 50, Novi, Ml 48377 #248.486.5100 Phone

www.cticompanies.com



May 3, 2018

GCL is man-made with superior consistency and reliability

GCL has superior resistance to freeze-thaw damage apckfisrred considering Michigan
climate

GCL has superior resistance to settlemimaotuced tensioning

GCL reduces the need for compaction and is more consistent in achievingriheedmrades

GCL has substantially lower hydraulic conductivity

Although it is WDI's intent to incorporate GCLs in future couastion of MC VIG Phases 3 through 6 and
F subcells, this proposed design upgrade pertains @thetconstruction of MC VI-G Phase 2 subcells to
facilitate a prompt and timely review and approval in suppf the planned 2018 MC VI-G Phase 2 Subcell
G2 constructionFigure 1 shows a site plan of WiBIMaster CelVI G and F (approved by the MDEQ on
May 4, 2012 and EPA on September 27, 2013). The proposed liner sygpedalpresented in this letter
report pertains to MC VI-G Phase 2 (consisting of Subcells G2 andr@3§ highlighted ifrigure 1.
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Figure 1. Master Cell VI-G and F Layout

In accordance with Rule 299.9620 (4) of the Michigan Part 111 Adtrative Rules, an alternate design

may be approved if the owner or operator can demonstrate slgm deill prevent the migration of any
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May 3, 2018

hazardous constituent into the groundwater or surface watezaat &s effectively as the design
requirements specified in the subrule. The following sestdiscuss how the proposed design satisfies this

requirement.

Proposed Liner System

This modification proposes using GCL, in lieu of the curreafiyproved CCL, as an alternative soil
component of the liner system for the future construction aétét Cell VI-G Phase 2 subcells. GCL
products are factory-manufactured hydraulic barriers congisti a layer of sodium bentonite supported
by geotextiles (woven and/or non-woven) and, in some cases, aoralditm of flexible membrane liner
(FML) for enhanced barrier performance. These components (sbeintonite, geotextiles, and FML) are

mechanically held together by either needling or chemical adhesive.

Sodium bentonite (the interlayer of GCL) is an effectiaerier primarily because it can absorb moisture
(i.e., hydrate and swell) producing a dense, uniform layer witleraely low hydraulic conductivity (on
the order of 18 cm/sec). Sodium bentonite’s exceptional hydraulic pragertiake GCL superior to CCL
with respect to a steady state of water even though the thickne&€4 d$ @ss than CCL.

WDI is proposing to install two layers of GCL (as desatibeAttachment A) immediately beneath the
primary HDPE geomembrane liner of MC VI-G Phase 2 subéatiure 2 below shows the proposed liner
construction details. Note that the captions of some of the bileercomponents (e.g., 80-mil HDPE
geomembranes, double-sided geocomposite, geogrid, etc.) aredomittgure 2 for clarity and because
those components of the liner system are not changing. Plefeseta Attachment B, 2018 Permit
Engineering Drawings, Sheet 22A, for complete liner constructionsletai
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ATTENUATION LAYER

5 (CHOHESIVE SOIL
COMPACTED TO MEET
STRUCTURAL
REQUIREMENTS)

STRUCTURAL FILL

For cell floor and slope < 4H:1V

SRR Bentomat ST
LLLLILILLI LIS LTSI LI LLI ISP LA LI 2 s Bentomat ST

For slopes = 4H:1V

Figure 2.Proposed Liner System in MC VI-G Phase 2

As shown inFigure 2, the proposed liner system consists of multiple lapéigeosynthetic and earthen

materials to optimize the performance of the base figstem. These layers, along with their respective

functions, are tabulated ifable 1 for a direct comparison between the proposed and the pedrbise

liner systems (in the order from top to bottom).

Table 1L Comparison Between Permitted and Proposed Liner Systems (celréiootdp to bottom)

Component

Permitted System

Proposed System

Primary leachate collection

1' of drainage sand

Double-sided drainage geocomposite

Primary geomembrane liner

80-mil textured HDPE geomembrane

Primary clay liner

5-ft CCL
(K! 1.0 x 10’ cm/s)

ResisteX 200, manufactured by CETCO

Bentoma® CL, manufactured by CETCO

5-ft cohesive solil attenuation layer

Secondary leachate collectior

Double-sided drainage geocomposite

Secondary geomembrane ling

80-mil textured HDPE geomembrane

Secondary clay liner

3-ft CCL
(K! 1.0 x 10 cm/s)

Bentomat ST, manufactured by CETCO

Bentomat ST, manufactured by CETCO

Base reinforcement

Bi-axial geogrid

Liner subbase

2-ft structural fill
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May 3, 2018

As indicated inTable 1, the main difference between the permitted and the proposedyistems are the
use of GCLs in lieu of CCLs. Other liner components will @@munchanged. Additionally, the only
difference between the cell floor and sideslope (slogéH):1(V)) liners is the second GCL layer in the
primary liner system (BentonfaCL) will be replaced with a standard CETCO GCL prodBentomat
DN) to maximize slope stability. Similarly, the secondlG&yer in the secondary liner system (Bentdimat
ST) will be replaced with a standard CETCO GCL produen{Bmat® DN) to maximize slope stability.
Details of the GCL products proposed to be used in the construdtMC VI-G Phase 2 subcells can be

found inAttachment D of this report.

Equivalency Demonstration
Federal and Michigan regulations allow alternative liner designs plexti “equivalence” can be
demonstrated. For this report, the assessment was conducted follaiving steps allowing for a

technically-sound, effective and project-focused equivalency demamstrat
1. Identify various technical criterion that are relevant to th@gsed MC VI-G Phase 2 base liners.

2. Divide the identified criteria into distinct categoriesfémilitate a direct technical comparison
between GCLs (the proposed alternative) and CCLs (the approved)desig

3. Identify criteria where technical equivalency between GOwd @CLs has already been well-
studied, demonstrated and documented by the lining industry (e.dglfilldansurface
impoundments, mining, water-proofing of hydraulic structures, etc.ased on past tests and
project experiences, to be superior or equivalent to CCh.ad\litional demonstration effort is

needed for these items.

4. ldentify criteria which are mainly site-, project-, or prodspecific items, and demonstrate

equivalency.

As shown inTable 2, the following five items are identified and subjected to detailechacison.

Hydraulic Properties

Steady state solute flux

Chemical adsorptive capacity / Solute breakthrough time
Physical/Mechanical Properties

Stability of slopes

Bearing capacity
Construction Properties

Puncture resistance/subgrade condition
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Table 2. Generalized Technical Equivalency Assessmeritiftars Beneath Landfills

Equivalency of GCL to CCL

Category Criterion for Evaluation Equivalency is
GCL is superior GCL is equivalgnproduct-, design-, Category irrelevant to this project
or site-specific
Hydraulic Steady state water flux X Evaluation will focus on site-specific leacha|
Breakthrough time - water X Evaluation will focus on site-specific leacha|
Horizontal flow in seams or lifts X -
Horizontal flow beneath geomembraneg X

Steady state solute flux
Chemical adsorptive capacity / Solute
breakthrough time
Permeability to gases - - - A non-issue when GCL is installed under F
Generation of consolidation water =
Physical/ Freeze-thaw behavior
Mechanical | Wet-dry behavior -
Vulnerability to erosion - - - Erosion is irrelevant in the proposed liner
Total settlement X =
Differential settlement X
Stability on slopes X
Bearing capacity
Construction | Puncture resistance X
Ease of placement
Speed of construction
Availability of material
Requirements of water
Air pollution concerns
Quality assurance considerations X

X |55

x

XXX [ [

[Category of which GCL is superior than CCL [Category of which equivalency is product-, designsite-specific |
|Category of which GCL is equivalent to CCL |Category is irrelevant to this project

WDI successfully demonstrates that the proposed GCL lipgter® is technically equivalent to the
permitted CCL liner system in these criteriddittachment A. Therefore, the proposed GCL liner system
will minimize the risk of migration of hazardous constituents the groundwater or surface water at least

as effectively as the CCL design requirements specified in the rule.

Airspace Balance

The proposed change in liner design, as a result of repld®ngrft CCL in the secondary liner with two
layers of GCLs, would result in a potential increasawdfill volume of 27,240 cubic yards. To off-set this
gain of airspace, the top of waste grading along theewestit of MC VI-G andF were “truncated” to
ensure the proposed revision will not expand the landfill veluhime proposed new top of waste grading
results in a decrease in landfill volume of 27,361 cubic yBmda net landfill volume loss of 121 cubic

yards.

The proposed revisions will not impact the design andopménce of the final cover and stormwater
management systentsigure 3(a) illustrates the concept of “truncating” the top of wastdg to off-set
the volume gained from replacing the 3-ft CCL in the secgnlitaer with 2 layers of GCLFigure 3(b)

illustrates the approximate extent of revisions. Both revisionkighdighted in blue.
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(a) E-W Cross Section of MC VI-G Phase-2lustration of Top of Waste Revision

(b) Final Grading of WDI lllustrating the Approximate Extent of the BhWaste Revision
Figure 3. Modification of Waste Grading to Off-set the Gain in Airspace Dubeé Proposed Revision

Permit Drawings
The proposed upgrades to the MC VI-G Phase 2 base linemsygiteesult in some revisions to the permit
drawing sheets listed ifiable 3. A complete set of permit drawings, including both revised and undevise

sheets, is included iAttachment B for ease of review and reference.
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LeachateCodeNumber LT184d
LeachateDescription

ActualpH 9.250
ActualEC(uS/cm) 48,600

Calculations LT18d




EVALUATING GCL CHEMICAL COMPATIBILITY

Sodium bentonite is an effective barrier primarily because it can absorb water (i.e., hydrate and
swell), producing a dense, uniform layer with extremely low hydraulic conductivity, on the order
of 10° cm/sec. Water absorption occurs because of the unique physical structure of bentonite
and the complementary presence of sodium ions in the interlayer region between the bentonite
platelets. Sodium bentonite’s exceptional hydraulic properties allow GCLs to be used in place
of much thicker soil layers in composite liner systems.

Sodium bentonite which is hydrated and permeated with relatively “clean” water will perform as
an effective barrier indefinitely. In addition, past testing and experience have shown that
sodium bentonite is chemically compatible with many common waste streams, including Subtitle
D municipal solid waste landfill leachate (TR-101 and TR-254), some petroleum hydrocarbons
(TR-103), deicing fluids (TR-109), livestock waste (TR-107), and dilute sodium cyanide mine
wastes (TR-105).

In certain chemical environments, the interlayer sodium ions in bentonite can be replaced with
cations dissolved in the water that comes in contact with the GCL, a process referred to as ion
exchange. This type of exchange reaction can reduce the amount of water that can be held in
the interlayer, resulting in decreased swell. The loss of swell usually causes increased porosity
and increased GCL hydraulic conductivity. Experience and research have shown that calcium
and magnesium are the most common source of compatibility problems for GCLs (Jo et al,
2001, Shackelford et al, 2000, Meer and Benson, 2004, Kolstad et al, 2004/2006). Examples of
liquids with potentially high calcium and magnesium concentrations include: leachates from
lime-stabilized sludge, soil, or fly ash; extremely hard water; unusually harsh landfill leachates;
and acidic drainage from calcareous soil or stone. Other cations (ammonium, potassium, and
sodium) may contribute to compatibility problems, but they are generally not as prevalent or as
concentrated as calcium (Alther et al, 1985), with the exception of brines and seawater. Even
though these highly concentrated solutions do not necessarily contain high levels of calcium,
their high ionic strength can reduce the amount of bentonite swelling, resulting in increased
GCL hydraulic conductivity.

This reference discusses the tools that can be used by a design engineer to evaluate GCL
chemical compatibility with a site-specific leachate or other liquid.

HOW IS GCL CHEMICAL COMPATIBILITY EVALUATED?

Ideally, concentration-based guidelines would be available for determining GCL compatibility
with a site-specific waste. Unfortunately, considering the variety and chemical complexity of the
liquids that may be evaluated, as well as the many variables that influence chemical
compatibility (e.g., prehydration with subgrade moisture [TR-222], confining stress [TR-321],
and repeated wet-dry cycling [TR-341)), it is not possible to establish such guidelines. Instead,
a three-tiered approach to evaluating GCL chemical compatibility is recommended, as outlined
below.
TR-345
03/09
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Tier |

The first tier is a simple review of existing analytical data. The topic of GCL chemical
compatibility has been the subject of much study in recent years, with several important
references available in the literature. One of these references, Kolstad et al (2004/2006),
reported the results of several long-term hydraulic conductivity tests involving GCLs in contact
with various multivalent (i.e., containing both sodium and calcium) salt solutions. Based on the
results of these tests, the researchers found that a GCL’s long-term hydraulic conductivity (as
determined by ASTM D6766) can be estimated if the ionic strength (I) and the ratio of
monovalent to divalent ions (RMD) in the permeant solution are both known, using the following
empirical expression:

log K,
log Ko,

0.965 0.976ul 0.0797uRMD 0.251ul > uRMD

where:
= ionic strength (M) of the
site-specific leachate.

RMD = ratio of monovalent cation
concentration to the square
root of the divalent cation
concentration (M*?) in the
site-specific leachate.

Ke= GCL hydraulic conductivity
when hydrated and
permeated with site-specific
leachate (cm/sec).

Kpi=  GCL hydraulic conductivity
with deionized water
(cm/sec).

Using this tool, a Tier | compatibility evaluation can be performed if the major ion concentrations
(typically, calcium, magnesium, sodium, and potassium) and ionic strength (estimated from
either the total dissolved solids [TDS], or electrical conductivity [EC]) of the site leachate are
known. For example, using the relationship above and MSW leachate data available in the
literature, Kolstad et al. were able to conclude that high hydraulic conductivities (i.e., >10’
cm/sec) are unlikely for GCLs in base liners in many solid waste containment facilities.

In many cases, the Tier | evaluation is sufficient to show that a site-specific leachate should not
pose compatibility problems. However, if the analytical data indicate a potential impact to GCL
hydraulic performance, or if there is no analytical data available, then it is necessary to proceed
to the second tier, involving bentonite “screening” tests, which are described below.
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Tier 1l

The next tier of compatibility testing involves bentonite screening tests, performed in
accordance with ASTM Method D6141. These tests are fairly straightforward, and can be
performed at one of CETCO’s R&D laboratories or at most commercial geosynthetics testing
laboratories.

Liquid samples should be obtained very early in the project, such as during the site
hydrogeological investigation. It is important that the sample collected is representative of
actual site conditions. Synthetic leachate samples may also be considered for use in the
compatibility tests. The objective is to create a liquid representative of that which will come in
contact with the GCL. At least 1-gallon (4-Liter) of each sample should be submitted for testing.
Samples should be accompanied by a chain-of-custody or information form. When a sample is
received at the CETCO laboratory, the following screening tests are performed to assess
compatibility:

X Fluid Loss (ASTM D5890) — A mixture of sodium
bentonite and the site water/leachate is tested for fluid
loss, an indicator of the bentonite’s sealing ability.

x Swell Index (ASTM D5891) — Two grams of sodium
bentonite are added to the site water/leachate and
tested for swell index, the volumetric swelling of the
bentonite.

X Water qualty — The pH and EC of the site
water/leachate are measured using bench-top water
quality probes. pH will indicate if any strong acids (pH
< 2) or bases (pH > 12) are present which might
damage the bentonite clay. EC indicates the strength
of dissolved salts in the water, which can hamper the
swelling and sealing properties of bentonite if present
at high concentrations.

X Chemistry — The site water/leachate is analyzed for
major dissolved cations using ICP. The analytical
results can then be used to perform a Tier |
assessment, if one has not already been done.

As part of this testing, fluid loss and free swell tests are

also performed on clean, deionized, or “DI" water for

comparison to the results obtained with the site

water/leachate sample. Sodium bentonite tested with DI

water is expected to have a free swell of at least 24

mL/2g and a fluid loss less than 18 mL. Changes in bentonite swell and fluid loss indicate that
the constituents dissolved in the site water may have an impact on GCL hydraulic conductivity.
However, since it is only a screening tool, there are no specific values for the fluid loss and
swell index tests that the clay must meet in order to be considered chemically compatible with
the test liquid in question. Differences between the results of the baseline tests and those
conducted with the site leachate may warrant further hydraulic testing.
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A major drawback of the D6141 tests is the potential for a false “negative” result, meaning that
the bentonite swell index or fluid loss might predict no impact to hydraulic performance, where in
reality, there may be a long-term adverse effect. This is primarily a concern with dilute calcium
or magnesium solutions, which may slowly affect GCL hydraulic performance over months or
years. Short-term (2-day) bentonite screening tests would not be able to capture this type of
long-term effect. This is not expected to be a concern with strong calcium or magnesium or
high ionic strength solutions, which have been shown to impact GCL hydraulic conductivity
almost immediately, and whose effects would therefore be captured by the short-term bentonite
screening tests. Another limitation of the bentonite screening tests is their inability to simulate
site conditions, such as clean water prehydration, increased confining pressure, and wet/dry
cycling. These limitations can be in part addressed by moving to the third tier, a long-term GCL
hydraulic conductivity test, discussed below.

Tier 11l

The third-tier compatibility evaluation consists of an
extended GCL hydraulic conductivity test performed in
accordance with ASTM D6766. This test method is
essentially a hydraulic conductivity test, but instead of
permeating the GCL sample with DI water, the site-
specific leachate is used. Since leachates can often be
hazardous, corrosive, or volatile, the testing laboratory
must have permeant interface devices, such as bladder
accumulators, to contain the test liquid in a closed
chamber, and prevent contamination of the flow
measurement and pressure systems, or release of
chemicals to the ambient air.

Method D6766 provides some flexibility in specifying the
testing conditions so that certain site conditions can be
simulated. For example, in situations where the GCL will
be deployed on a subgrade soil that is compacted wet of
optimum, the GCL will very likely hydrate from the
relatively clean moisture in the subgrade (TR-222), long
before it comes in contact with the potentially aggressive
site leachate. Lee and Shackelford (2005) showed that a
GCL which is pre-hydrated with clean water before being
exposed to a harsh solution is expected to exhibit a lower
hydraulic conductivity than one hydrated directly with the
solution. Depending on the expected site conditions, the
D6766 test can be specified to pre-hydrate the GCL with
either water (Scenario 1) or the site liquid (Scenario 2).

Another site-specific consideration is confining pressure.
Certain applications, such as landfill bottom liners and mine heap leach pads, involve up to
several hundred feet of waste, resulting in high compressive loads on the liner systems.
Although the standard confining pressure for the ASTM D6766 test is 5 psi (representing less
than 10 feet of waste), the test method is flexible enough to allow greater confining pressures,
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thus mimicking conditions in a landfill bottom liner or heap leach pad. Petrov et al (1997)
showed that higher confining pressures will decrease bentonite porosity, and tend to decrease
GCL permeability. TR-321 shows that higher confining pressures will improve hydraulic
conductivity even when the GCL is permeated with aggressive calcium solutions.

ASTM D6766 has two sets of termination criteria: hydraulic and chemical. To meet the
hydraulic termination criterion, the ratio of inflow rate to outflow rate from the last three readings
must be between 0.75 and 1.25. It normally takes between one week and one month to reach
the hydraulic termination criterion. To meet the chemical termination criterion, the test must
continue until at least two pore volumes of flow have passed through the sample and chemical
equilibrium is established between the effluent and influent. The test method defines chemical
equilibrium as effluent electrical conductivity within +10% of the influent electrical conductivity.
This requirement was put in place to ensure that a large enough volume of site liquid passes
through the sample to allow slow ion exchange reactions to occur. Two pore volumes can take
approximately a month to permeate through the GCL sample. However, reaching chemical
equilibrium (effluent EC within 10% of influent EC), may take more than a year of testing,
depending on the leachate characteristics.

ASTM D6766 is a very useful tool which provides a fairly conclusive assessment of GCL
chemical compatibility with a site-specific leachate. However, the major drawback of the D6766
test is the potentially long period of time required to reach chemical equilibrium. This limitation
reinforces the need for upfront compatibility testing early in the project. Clearly, requiring the
contractor to perform this testing during the construction phase is not recommended.

WHAT DO THE ASTM D6766 COMPATIBILITY TEST RESULTS MEAN?

ASTM D6766 is currently the state-of-the-practice in the geosynthetics industry for evaluating
long-term chemical compatibility of a GCL with a particular site waste stream. An ASTM D6766
test that is properly run until both the hydraulic (inflow and outflow within £+25% over three
consecutive readings) and chemical (effluent EC within £10% of influent EC) termination criteria
are achieved, provides a good approximation of the GCL’s long-term hydraulic conductivity
when exposed to the site leachate. Jo et al (2005) conducted several GCL compatibility tests
with weak calcium and magnesium solutions, with some tests running longer than 2.5 years,
representing several hundred pore volumes of flow. The intent of this study was to run the tests
until complete ion exchange had occurred, which required even stricter chemical equilibrium
termination criteria than the D6766 test. The study found that the final GCL hydraulic
conductivity values measured after complete ion exchange were fairly close to (within 2 to 13
times) the hydraulic conductivity values determined by ASTM D6766 tests, which took much
less time to complete.

The laboratory that performs the chemical compatibility test, whether it is the CETCO R&D
laboratory or an independent third-party laboratory, is only reporting the test results under the
specified testing conditions, and is not making any guarantees about actual field performance or
the suitability of a GCL for a particular project. It is the design engineer’s responsibility to
incorporate the D6766 results into their design to determine whether the GCL will meet the
overall project objectives. Neither the testing laboratory nor the GCL manufacturer can make
this determination.
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Also, it is important to note that the results of D6766 testing for a particular project are only
applicable for that site, for the specific waste stream that is tested, and only for the specific
conditions replicated by the test. For instance, D6766 testing performed at high normal loads
representative of a landfill bottom liner should not be applied to a situation where the GCL will
only be placed under a modest normal load, such as a landfill cover or pond. Similarly, the
results of a D6766 test where the GCL was pre-hydrated with clean water should not be applied
to sites located in extremely arid climates where little subgrade moisture is expected, unless
water will be applied manually to the subgrade prior to deployment. And finally, since D6766
tests are normally performed on continuously hydrated GCL samples, the test results should not
be applied to situations where repeated cycles of wetting and drying of the GCL are likely to
occur, such as in some GCL-only landfill covers, as desiccation can worsen compatibility
effects.
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